Abstract: Species of Phaeoclavulina (formerly genus Ramaria, subgenus Echinoramaria) have been reported in temperate, tropical and subtropical areas of the world. In Mexico, these species occur from sea level to 3200 m. Based on 132 distribution records of 22 species, patterns of species rarity and richness were determined using a grid-cell system of 1° x 1° latitude/longitude. The highest species richness areas were Sierra Madre Oriental and Serranías Meridionales, while species were rare in the areas of Jalisco (Pacific coast and Altiplanicie), Guerrero and Oaxaca (Serranías Meridionales) and Chiapas (Serranías Transístmicas). The distribution of eight species was modeled and the precision and accuracy of these models were analyzed based on kappa concordance tests. The models for the temperate species sets (list the species) presented high kappa values while the tropical species sets (list the species) presented low kappa values. When we maximized the variation of the models, we found congruence between the richness zones identified in the grid-cells. The ecological-morphological segregation of the Mexican species was evaluated with a PCA analysis, resulting in two groups. The first included species inhabiting mainly tropical and subtropical areas (list the species) characterized by more evident basidiospore ornamentation consisting of large spines. A second group of species (list the species) inhabits mainly temperate forests in higher altitudes and these species have less evident basidiospore ornamentation consisting of small warts. The current known distribution of these fungi is intimately correlated with environmental factors. Based on our results, we propose priority conservation areas based on taxonomic richness and higher corrected weighted endemism index values which coincide with the analysis of potential distribution of these species; the montane systems of central and southeastern Mexico and the northwestern part of the Yucatan peninsula. These temperate fungi could grow in several other neighboring Natural Protected Areas, but their presence must be confirmed. The situation with the tropical species is more critical as there are few neighboring Natural Protected Areas where these fungi could have special protection
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Introduction: Thirty-five species of Ramaria,
subgenus Echinoramaria, and six species of Gomphus constitute a monophyletic group (Giachini 2004 , Hosaka et al. 2006 , Giachini et al. 2010 , recently named Phaeoclavulina by Giachini and Castellano (2011) . The group is characterized by terricolous, ramarioid, unipileate or merismatoid basidiomata; variable coloration; a smooth or sublamellate to irregularly wrinkled hymenium; echinulate (mostly with acute spines) or verrucose basidiospores (Giachini and Castellano 2011) . They are widely distributed throughout the mountains of the North Temperate Zone, but their distribution in other areas has not been well studied. Giachini (2004) considered many species to be widely distributed, ranging from tropical to temperate regions, but more locally abundant in the tropics and subtropics. Some of them are ectomycorrizal, such as Phaeoclavulina abietina with Pinus, Betula and Pseudotsuga (Herrera et al. 2002; Norvell and Exeter 2004) ; P. flaccida with Pinus and Quercus (Dong-Hun et al. 2003) ; P. zippelii with Acacia, Casuarina and Eucalyptus (Sims et al. 1997) ; and P. cyanocephala with Abies (Estrada-Torres 2007). Many species of Phaeoclavulina are found in the United States and Europe, but are less known and poorly studied in Latin America and Africa. There are still many undescribed species worldwide especially in unexplored forested regions with suitable habitats (Exeter et al. 2006) and endemic species have not yet been identified. There are many problems related with the identification of species, including the lack of notes with herbarium vouchers. Consequently, the conservation status of Phaeoclavulina has been ignored by Mexican and North American conservationists (Corner 1950 (Corner , 1970 Petersen 1981; Franchi and Marchettii 2001; Giachini 2004; Exeter et al. 2006; Christan 2008) .
Only 22 Phaeoclavulina species (Acosta-Pérez and Kong-Luz 1991; Guzmán 1983 Guzmán , 2003 Estrada-Torres 1994; González-Ávila 2006 González-Ávila , 2009 González Ávila et al. 2013a González Ávila et al. , 2013b have been found in Mexico. These species occur in several Mexican vegetation types, including tropical, subtropical and temperate forests, from sea level to 3200 m.
.
Knowledge of the distribution patterns of macroscopic fungi is poor compared to plants and animals. Many fungi are difficult to study due to their complicated life histories, the ephemeral nature of reproductive structures, periodicity, and climatic and ecological constraints on growth and reproduction (Demoulin 1973; Hosaka et al. 2008; Wollan et al. 2008) . As a result, only 5-6% of the diversity of species that exist in the world is known (Cannon 1997; Hawksworth 1991 Hawksworth , 2001 Moncalvo 1997) . Mycogeography sensu Lichtwardt (1995) or fungi biogeography has a relatively recent history compared with other groups of organisms (Demoulin 1973; Lange 1974; Eckblad 1981; Redhead 1989; Baroni et al. 1997; Mueller et al. 2001; Watling 2001; Garnica et al. 2011) . Poor knowledge of fungal phylogeny and scarce fossil records also has limited understanding of their biogeographic patterns (Hibbett 2001) . The cryptic nature of many fungi, including Phaeoclavulina, as well as the ephemeral nature of the basidiomata make them difficult to sample and hinders biogeographical studies (Hosaka et al. 2008; Wollan et al. 2008) . Biogeographic processes, namely dispersal, vicariance and extinction, shaped the geographic distribution of fungi just as other organisms (Vilgalys and Sun 1994; Mueller et al. 2001; Luna-Vega 2008; Morrone 2009 ). Many fungi are often associated with plants and have distribution patterns similar to their plant hosts (Lichtwardt 1995; Halling et al. 2008) ; however not all fungi are intimately associated with other organisms and their distribution patterns are attributed to other factors.
Areography is defined as the study of taxon distribution areas (Rapoport 1975; Rapoport and Monjeau 2001) and can offer information about areas rich in fauna, flora, fungi and endemism in a country or continent. In Mexico, grid-cell analysis has been used to detect richness, endemism and rarity of diverse groups of organisms (Serrato et al. 2004; ContrerasMedina and Luna-Vega 2007) . With this approach, it is possible to generate useful information on biogeography and to assess important areas for conservation.
To approximate the known distributions of fungus taxa, it is necessary to generate predictive models that estimate potential distributions, and to determine where the most suitable environmental conditions for species development are located based on parameters that include known site data. The main problem with the species of Phaeoclavulina, as mentioned above, is the lack of systematic inventories (resulting in a poorly understood distributions and gaps in geographic collection data) as well as species identification. These basic kinds of studies help to evaluate species distribution patterns and facilitate biogeographical, ecological and conservation analysis (Anderson et al. 2003; Rojas-Soto et al. 2003; Sánchez-Cordero et al. 2005) .
Several algorithms are important tools for modeling species ecological niche. Among the main algorithms used are the Genetic Algorithm for Rule set-Prediction (GARP; Stockwell and Noble 1992; Stockwell 1999; Stockwell and Peters 1999) and Maximum Entropy (MaxEnt; Phillips et al. 2004 Phillips et al. , 2006 ; both algorithms have been used more often for modeling species distribution. GARP is an approach that develops a set of conditional rules to relate observed occurrence data to environmental variables (Stockwell and Peters 1999; Pearson et al. 2007 ). The prediction is obtained following the implementation of certain rules such as envelope, atomic and logistic regressions. These rules are developed using a genetic algorithm which improves the final model by testing and selecting random subsets of available data from an evolutionary point of view (Stockwell and Peters 1999; Pearson et al. 2007) . MaxEnt is a machinelearning method that uses environmental variables to predict probability of target species distribution by evaluating different variables. It is an efficient modeling program that only uses data of confirmed taxa presence (Elith et al. 2006; Phillips et al. 2006) . It also has been proven to be a suitable method to produce distribution models when there are few collection records, due to normalization processes that counteract over prediction and reach maximum levels of precision (Elith et al. 2006; Hernández et al. 2006; Wollan et al. 2008) . On the other hand, Wisz et al. (2008) reported that GARP's models are efficient with few records. Pearson et al. (2007) developed an approach to validate the models of ecological niche in species with few records through jackknife validation employed both by GARP and MaxEnt. To date the study, Wollan (2008) is the only one that has used predictive models to quantify the diversity of macroscopic fungi. Based on generalized linear models and MaxEnt, these authors concluded that temperature is a key factor that regulates fungal distribution.
The goals of this study are threefold: 1) to obtain diversity patterns (richness and rarity) of Mexican Phaeoclavulina species using a grid-cell system and evaluate the utility of predictive models in the recognition of these patterns; 2) to identify relevant variables in the richness patterns ecological/morphological segregation of species with a principal component analysis and jackknife test; and, 3) propose conservation strategies based on these results, that is, with analysis of rarity and richness patterns.
Materials and Methods:
Geographic distribution data was obtained from four exemplars in the states of Hidalgo and Distrito Federal collected by the first author and collections in eleven herbaria: CHIP, EBUM, ECOSUR-Unidad San Cristóbal, ENCB, FCME, IBUG, ITCV, MEXU, TLXM, UJAT and XAL (Index Herbariorum: http://sweetgum.nybg.org/). A database was compiled with 132 records representing 22 different species (Table 1) . Geographic coordinates for each species locality were obtained, and updated or corrected using topographic charts scales 1:50,000 and 1:250,000.
Patterns of richness and rarity
Using GIS ArcView version 3.2 (ESRI 1999), the localities of each species were superimposed on a map of Mexico (1:250,000) using a grid system 1° x 1° latitude/longitude. Maps of localities of Phaeoclavulina species were intersected on the grid system in order to obtain the species richness of each grid-cell. The rarity of the species was determined by evolutionary history and spatial distribution, generally associated with the inverse of range of the distribution of the species (Goerck 1997 , Kessler et al. 2001 ). The rarity pattern was measured using the endemism index of Crisp et al. (2001) that used the inverses of the range on the distribution of the species. To assess weighted endemism, each species is weighted by the inverse of its range. Thus if a single-grid endemic has a maximum weight of 1, a species occurring in four grids has a weight of 0.25 and a species occurring in 50 grids has a weight of 0.02. To obtain the value of each grid, the weights are summed for all species occurring in that grid; thus grids with many rangerestricted species should show a much higher total score than grids with few range-restricted taxa (Linder 2001) . Since this index is correlated with species richness (Crisp et al. 2001 ) the index data obtained from weighted endemism was divided by the total number of species in that grid, to generate an index known as corrected weighted endemism (Linder 2001; Crisp et al. 2001) . The average value for each variable for those grid-cells in which a species occurred was built to obtain a matrix containing the 132 records x 22 environmental variables. Principal component analysis (PCA) was used to identify the major environmental variables that could explain differences in habitat segregation by fungi in the sites where they were collected. Two additional PCAs were made with the two groups obtained from the previous PCA. The PCA was carried out using NTSyS ver 2.11 software (Rohlf 2000 ).
Statistical analysis for environmental and morphological variables
An additional PCA was performed with the arithmetic mean of the quantitative data of basidiospore ornamentation obtained with scanning electron microscopy (considering E = as the average relationship between length and width of the basidiospores, as well as the length, width and size of the basidiospore ornamentation). A matrix of 22 species x four basidiospore characteristics was compiled. PCA is a multivariate statistical technique that can be used in any situation where one is looking for differences among unclassified objects, as in the case of habitat and morphological structure (Lamboy 1990; Yu and Lee 2005; Uribe-Salas et al. 2008) . In this study, the PCA analyses had the goal of determining if habitat segregation in species is related to morphological segregation of basidiospores because they are the only dispersal mode of fungi that can be influenced by ecological factors.
Distribution modeling
Based on 81 records without duplication, we predicted the distributions of eight Phaeoclavulina species which were separated into two sets inhabiting tropical or temperate conditions. For this, we used GARP (Stockwell and Noble 1992; Stockwell and Peters 1999) implemented in DESKTOP GARP v. 1.1.6 (http:// www.nhm.ku.edu/desktopgarp/) and the machine learning algorithm in MaxEnt 3.3.1 (Phillips et al. 2004 . We followed the model of Pearson et al. (2007) with some modifications for species with more than 10 records. In this way, we chose 10 randomized subsets with at least eight records for modeling In the case of GARP, we ran 100 replicates of the ecological niche of each subset of the eight species without considering records for training. In order to minimize variation and optimize model performance, we selected the 10 closest models to the median predicted area. Considering the 10 best models for each species, we followed the intrinsic test of Anderson et al. (2003) , which uses GIS ArcView 3. 2 (1999) to provide the best estimate of the potential geographic distribution of each species in a range from 0 to 10. The final map of each species was summed and binarised in two ways: a) where a value of 1 is equivalent to the zone where all the models intersect, or b) where 1 indicates the union of all models. In this way, we included the effect of overestimation and underestimation in the distribution of species with the process of maximized and minimized variation, respectively.
For MaxEnt, we used the default convergence threshold and a maximum number of iterations of 1000 for each one of the 10 replicates. MaxEnt provides as output a continuous probability value ranging from 0 to 1 in log format. Each map obtained in each replicate with MaxEnt was binarised, determining the threshold with the next procedure: a) intersecting the records of each subset with the probabilities maps of MaxEnt; b) because in all the cases the probability distributions are normal, we determined the range of probabilities including as lower boundary to ( -s), and higher boundary to ( +s) the records in each iteration while excluding the extreme values outside the normal curve. The superior and inferior values of each species, including 90% of the records, were transformed to 1. As in the case of GARP, the final map of each species was summed and binarised in two ways: a) where a value of 1 is equivalent to the zone where all the models intersect, or b) where 1 indicates the union of all models.
To test and assess the concordance between the models obtained (GARP and MaxEnt) with real occurrences, we used the kappa index (k) proposed by Cohen (1960) , which is defined by: To evaluate the commission values, we used two sets of data based in the PCA environmental segregation: a) for the temperate species, we counted the number of records of the tropical species that were predicted by the models because we are considering them as pseudoabsences due to environmental segregation, and b) for the tropical species, we did exactly the opposite. Kappa index values higher than 0.6 represent precise and accurate models with meaningful concordance of real data. Kappa index values >0.4 and <0.6 indicate that the models had a sufficient concordance, while kappa index values <0.4 shows a low concordance between the models and the real data.
Additionally, we compiled the AUC values (area under the curve) obtained in each independent heuristic iteration with MaxEnt software. Values of AUC <0.7 indicate low representation in models, while the best models have an AUC ≥0.9 (Pearce and Ferrier 2000; Wollan et al. 2008) . The jackknife test of MaxEnt stresses the importance of each one of the variables for model construction; variables with high values indicate a greater contribution to each model and a higher influence on AUC (Wollan et al. 2008 ).
Procedures to prioritize areas for conservation
Areas with greater species richness and/or rarity (corrected weighted endemism indices) were superimposed on the map of Mexican protected areas (CONANP 2012) , in order to find out if the distributions of these species require some type of special protection. To evaluate the effectiveness of the Natural Protected Areas NPAs) system on species protection, the collection localities and the predicted distributions from MaxEnt and GARP were compared with the polygons of the NPAs from Mexico with the goal to propose conservation areas for these taxa.
Results:
Richness and rarity analysis Most species of Phaeoclavulina are distributed mainly in the central and southern parts of Mexico where they inhabit temperate and tropical forests, from 10 to 3200 m above sea level. Figure 1a shows that the grid-cell richest in species is located in central Mexico, in the state of Hidalgo, where eight species are found (Phaeoclavulina abietina, P. cokeri, P. curta, P. cyanocephala, P. flaccida, P. longicaulis, P. zippelii and P. sp. 6) which correspond to the Sierra Madre Oriental (SMOR) province (Rzedowski 1978) at altitudes from 1210 to 2810 m. The second richest grid-cell is located in the state of Tlaxcala and neighboring areas in Veracruz which correspond to the Serranías Meridionales (SMER) province (including the Faja Volcánica Transmexicana (FVT) and Sierra Madre del Sur (SMS) physiographic units) of Rzedowski (1978) at 2220-2900 m and included six species (Phaeoclavulina abietina, P. argentea, P. campoi, P. curta, P. eumorpha and P. sp. 7). Two areas were identified with four species: a) the Yucatan peninsula (YUC) province, the state of Campeche, where P. articulotela, P. cokeri, P. gigantea and P. zippelii inhabit altitudes of 231-269 m, and b) in the limits of the SMOR and FVT, in the states of Veracruz-Tlaxcala, where P. abietina, P. cokeri, P. curta and P. insignis are represented at altitudes of 900-2900 m. Thirteen grid-cells had only one species (Table 3) . Figure 1b shows the weighted endemism values for Phaeoclavulina. Grid-cells with high weighted endemism values are located in Tlaxcala, Hidalgo and Jalisco (Table 3 ). Other areas with high weighted endemism values are located in Veracruz and Campeche. Figure 1c shows the corrected weighted endemism centers based on the distribution of the species of Phaeoclavulina. The grid-cells with the highest corrected weighted endemism values are located in the Altiplanicie (ALTI-Los Altos de Jalisco -AJAL), SMER (SMS in Guerrero and Oaxaca) and Serranías Transístmicas (STI-Altos de Chiapas -ACH) with a value of 1, followed by Tlaxcala, with a value of 0.63. Grid-cells in Tabasco and Hidalgo are third and fourth in importance, with a value of 0.55 and 0.47 respectively. Phaeoclavulina zippelii had the widest distribution and was represented in 10 mainly tropical grid-cells. Other widely distributed species include P. cyanocephala (eight grid-cells, mainly tropical and subtropical), P. curta (seven grid-cells, in temperate forests), P. abietina (six grid-cells, mainly Abies forests, but also in pine and oak forests) and P. cokeri (three grid-cells, tropical).
Principal Component Analysis (PCA)
Principal component analysis showed that three principal components explained 80% of the total variance in the data. PC pairs 1 and 2, and the scores of each individual on each component, were plotted to allow a visual examination of the distribution of each species along the PC axis (Fig. 2a) . Two groups were observed in PC1: a) one formed by Phaeoclavulina abietina, P. argentea, P. curta, P. sp. 7, P. sp.2, P. sp. 3 and (Fig. 4) . The first principal component explains 66% of the observed variation.
Distribution modeling
Predictive distribution models were obtained for eight species with three or more collection localities without duplicates (Fig. 5 ). All of them had high AUC values on each iteration using MaxEnt, with values from 0.765 to 1 ( Table 4) . The modeling of the tropical species had high commission values while the temperate species had lower commission values. The lowest values of omission were found in the iterative models obtained with GARP as well as in those final models where variation was maximized. The commission values were higher in the models obtained with MaxEnt, especially in the modeling process of tropical species (e.g. Phaeoclavulina articulotela, P. cokeri, P. cyanocephala and P. zippelii). The kappa concordance test (Table 4) showed that the most accurate and precise When we considered only the modeling process of the temperate species group (Fig. 6) , the highest kappa values are found in those models generated with MaxEnt. While the highest kappa values are found in the models generated by GARP when we maximized the variation of the model, we found that the predicted areas are concentrated in the SMER, specifically in the eastern part of the FVT, in areas with a subhumid temperate climate (C(w); García 2004). When we maximized the variation of the models, the results with both algorithms showed that the temperate species are found in the main montane systems, especially in the southern SMOC (Durango), SMOR (from Nuevo León to Hidalgo and Puebla), SMS and STI, so recollection efforts should be intensified in those areas to strengthen the predictive capacity of the models. In the case of the tropical species group, the kappa indices are very low due to their high commission rates although the GARP models have high concordance values. Figure 6 shows that YUC had the highest probability species occurrence, particularly in the south of Campeche and Quintana Roo, followed by the lowlands of Tabasco and the GOL. Other sites with high occurrence are the zones below 1800 m at the SMOR reaching the Sierra Madre de Oaxaca, the Depresión del Balsas near Taxco in Guerrero, and SMS and STI, all of them with warm humid (Am), sub-humid (Aw), or semi-warm sub-humid climates (A)C(w) sensu García (2004) . When we minimized the variation of the models, it was shown that both algorithms identified as the most important distribution area the montane systems of central Mexico, possible because these zones are better sampled. On the other hand, when we maximized the variation of the models, it was evident that species of Phaeolavulina can be found in the main montane ranges (including the southern part of the Sierra Madre Occidental (SMOC), SMOR, SMS and STI), as well as the Yucatan peninsula lowlands and the Coastal Plain of the Golfo (GOL), from Tabasco to Tamaulipas. In both cases the models obtained with GARP and MaxEnt are similar (Fig. 6 ), but GARP exhibits more conservative distributions.
The sum of the eight generated models indicated that sites with high species occurrence are concentrated in the following six zones (Fig. 7) : 1) the central part of the Faja Volcánica Transmexicana (FVT) (from the southwestern part of the state of Mexico to north-central Michoacán); 2) western FVT in the Serranías of Jalisco; 3) eastern FVT in the Orizaba-Perote area; 4) lowlands and mountain areas of Chiapas, from the Chimalapas to Montebello; 5) tropical forests of the southern part of the Yucatan peninsula (YUC), from southern Campeche and The sum of the eight generated models indicated that sites with high species occurrence are concentrated in the following six zones (Fig. 7) : 1) the central part of the Faja Volcánica Transmexicana (FVT) (from the southwestern part of the state of Mexico to north-central Michoacán); 2) western FVT in the Serranías of Jalisco; 3) eastern FVT in the Orizaba-Perote area; 4) lowlands and mountain areas of Chiapas, from the Chimalapas to Montebello; 5) tropical forests of the southern part of the Yucatan peninsula (YUC), from southern Campeche and Quintana Roo to northeastern Quintana Roo; 6) the mountain areas of the Sierra Madre del Sur (SMS).When we modeled the distribution of Phaeoclavulina species using a minimized variation, we found that the most important zones of congruence between both algorithms are found in the central and western of the FVT in the SMER. Other important areas using MaxEnt were the Oaxacan part of the SMS and the Chiapas Highlands (Los Altos and Sierra Madre de Chiapas). ). This is also congruent when we analyzed those zones containing the great amount of species and we minimize the variation of the distribution models. We also determined that there are other important areas in the Yucatan Peninsula and in the lowlands of the SMS. This could be due to the fact that these areas have been intensively collected. The gridcell with the highest weighted endemism value also had the highest richness values. Other important areas are AJAL in the ALTI and Calakmul in the YUC. The most important areas based on rarity (corrected weighted endemism values) are AJAL, the eastern FVT, SMS and the Chiapas region at altitudes between 1000 and 1800 m. These elevations coincide with those reported by Alcántara and Paniagua (2007) for the FVT, where endemic elements of the Mexican flora also are present. The results obtained with this index for Phaeoclavulina are similar to other organisms such as the Ternstroemiaceae (LunaVega et al. 2004 ) and other groups of plants (Lira et al. 2002; Villaseñor et al. 2003; Luna-Vega et al. 2006) . While the application of this index is somewhat inconvenient because it can be correlated with a richness and weighted indexes (Torres-Miranda et al. 2011) , another way to calculate the corrected endemism would be by using residuals from a regression of endemism on richness (McCune pers. com.).
One of the main requirements of ecological niche modeling is to be able to evaluate the predictive ability of it. We used commission and omission values to calculate a kappa index as a concordance measure between the models and the real data. In this study, we corroborated those models of distribution of species (less than 10 records should have adequate accuracy when using the jackknife test as suggested by Pearson et al. (2000) because the convergence area of nreplicates is maximized. Temperate species such as P. sp. 7 and P. argentea have similar kappa values (both of them with only three records each) to other tropical species such as P. cyanocephala and P. zippelii, the latter ones with a larger number of records. Apparently, the number of records does not drastically influence the accuracy of the models where tropical species have high standard deviations and temperate species have lower standard deviations. The commission values were low for the final models obtained with GARP. The lowest values of omission were obtained with MaxEnt and the distribution area tends to increase substantially so that higher kappa values are invariably related to the GARP models. Based on our results, GARP is an efficient algorithm to model the distribution of species with few records which is similar to the results of Pearson et al. (2007) and Wisz et al. (2008) . Temperate species generate the highest kappa values possibly as a result of good sample effort. When the variation of models is minimized, the greater area predicted by the models is concentrated in those places which are better sampled, as is the case in Central Mexico (Fig. 6) . Following this assumption, it is adequate to utilize the maximal model variation to estimate the species richness using GARP based in its high kappa values, as well as to increase the sample effort throughout Mexico.
The AUC values registered with MaxEnt were slightly less than 0.8, suggesting that they are accurate although these values are present in species models with high overestimation as is the case of the tropical species. The same problem was previously described by Lobo et al. (2008) . The kappa concordance test tends to solve the AUC problem and can be used for binarised models obtained with MaxEnt and GARP.
Environmental and morphological segregation
Differences between temperate and tropical species of Phaeoclavulina allowed us to conclude that environmental variables are a key determinant in the habitat preference of species and that Mexico possesses all the suitable environments for the occurrence of species Phaeoclavulina. Within these two groups, there are not only environmental (temperate vs. tropical) but morphological differences (e.g. basidiomata and basidiospores) that are statistically significant. The most important differences between both groups are associated with the climate, especially temperature.
Some traits related to the distribution of Phaeoclavulina are the differences in the size and shape of the basidiomata, and size and shape of the ornamentation of the basidiospores. Temperate species frequently have thin basidiomata with lax branching, and short basidiospores with small spines/warts, while tropical species commonly exhibit robust basidiomata with parallel branches, and longer basidiospores with larger spines. Basidiospore ornamentation presumably plays an important role in distribution. Two groups of species were also revealed with PCA; the first with larger basidiospores and spiny ornamentation in tropical species and a second group with shorter basidiospores and verrucose ornamentation in temperate montane areas of Mexico.
Environmental differences among the species of Phaeoclavulina were recognized with PC1 in the first PCA allowing to identify three different groups: a) one group inhabiting temperate regions; and, b) a second group characteristic of tropical regions with two subgroups, the first mainly in tropical-subtropical areas and a second subgroup of species in AJAL and the lower and warm montane regions of Chiapas. A fourth group of species inhabit both temperate and tropical areas with an intermediate basidiomata morphology.
Temperate species inhabit areas with low temperature and precipitation and high elevations and seasonality (Fig. 8) .The thermic tolerance in this group is narrow and represents a steno-thermic behavior compared to tropical species. Temperate species inhabit areas with Cb'(w2) and C(w) climates and prefer mainly andosols. The most important environmental variables for the generation of models by MaxEnt for species in temperate areas are the mean temperature of the warmest quarter, digital elevation model, annual mean temperature and isothermality. In this study, we identified that the models of temperate species resulted in areas with less over prediction both with GARP and MaxEnt due to their lowest omission values. The temperate species have higher kappa values, so we concluded that the species involved produced a small standard deviation in data due to a strong recollection effort (Fig. 8) . The PCA of temperate species showed two tendencies in the distribution of the species with altitude being the main factor explaining them. Records tend to occur from 800-1000 m and are characterized by warmer temperatures, compared with a second better supported group of records inhabiting conifer and broadleaved forests at higher altitudes more than 1000 m with cooler temperatures. The existence of records of the same species in both groups might be due to errors in the preservation and recollection of these fungi which impeded accurate identification. It can also be due to the presence of intermediary characters that avoid a clear differentiation between tropical and temperate species.
Tropical species live in areas with higher temperatures and precipitation, mainly in the wettest months of the year, in areas with low elevations. The temperature tolerance of these species is broadest and presents a eury-thermic behavior in comparison with temperate species (Fig. 8) . Tropical species inhabit in areas with Am, Aw and (A)C(w) climates and prefer mainly leptosols and foezems. When we generated models for species that inhabit tropical areas, temperature seasonality, annual mean temperature, isothermality, precipitation of wettest month and the mean temperature of the coldest quarter were the most important environmental variables. Two subgroups of tropical species were found: a) the first inhabits lower temperature habitats than a second subgroup which comprises species of the cloud forest of central Mexico, and b) tropical forests in the Gulf of Mexico slope, with medium to low altitudes (<1500 m). A third subgroup was found in the YUC, AJAL and the lowlands of Guerrero.
Several tropical species, including Phaeoclavulina cyanocephala and P. zippelii, which are not well-collected and difficult to differentiate at the infraspecific level using morphological studies, are represented in different and contrasting environments. All the tropical species were overpredicted with MaxEnt. The models of these tropical species present larger distribution areas including the Yucatan peninsula and the coastal plains of the Gulf and the Pacific at elevations of 500-1200 m.
As suggested above, it is evident that Phaeoclavulina strongly responds to climatic variables. Predictive models almost always reveal the existence of species in the places where they are found and this study confirms that species inhabit areas predicted by these models. The accuracy of kappa concordance test decreases significantly when temperate and tropical species are modeled separately. The latter can be explained in two different ways: a) the great recollection effort of temperate species is concentrated in central Mexico and, because of this, records outside this area are not considered by the models (this problem can be reduced when variation of the models is maximized; Table 4) ; and, b) the problems related to the taxonomic separation of tropical species where we find exemplars with intermediate morphological characters as well as cryptic species despite their environmental differentiation (Hosaka et al. 2008 , Wollan et al. 2008 . The latter can explain the high commission rates of the models obtained with these species and are a problem that can be partially solved when the variation of the models is reduced (Table 4) .
Previous studies also demonstrated that vegetation type determines the distribution of fungi (Guzmán 1973; Mueller and Halling 1995) . Other important factors that influence their distribution are soil properties, mainly acidity levels (Tyler 1985) and temperature (Tan and Wu 1986) . In this study, variables taken from the PCA analysis that influence the distribution of species of Phaeoclavulina are temperature and precipitation. There is an evident separation between the species of temperate and tropical environments and the environmental variables affecting their distribution are not the same.
A few species of Phaeoclavulina form ectomycorrhizae. These are distributed in tropical lowlands (Petersen 1981) and have the same distribution pattern as the trees with which they are associated. Unfortunately, they are poorly studied in comparison with those species that form ectomycorrhizae with temperate plants. Giachini (2004) and Giachini and Castellano (2011) According to the ecological niche models areas with more species diversity are found in the central part of the FVT, southern SMOR, mainly in Hidalgo and Veracruz (Perote-Orizaba), the western part of the FVT in Jalisco, southeastern part of the Yucatan peninsula, mainly in the tropical forests of Campeche and Quintana Roo, and northeastern part of Chiapas, mainly in the Chimalapas and northern part of the Chiapas Highlands. The AJAL area is not predicted by any distribution model. It is evident that collection efforts of Phaeoclavulina need to be increased, especially in those species with tropical affinities.
The results of this study lead us to a fundamental question in conservation biology: How are better conservation strategies selected? Those sites with greater species richness or those with more endemism (Myers et al. 2000) . Lamoreux et al. (2005) suggested that conservation strategies focus either on areas with high species richness or areas that contain large number of endemics. Important components of biodiversity may not be present in areas with high species richness and many species are widely distributed and adaptable so they are not endangered (Thirgood and Heath 1994 ). An example of this is Phaeoclavulina cyanocephala which is found at low and high altitudes and latitudes and is widely distributed in Mexico. Due to the poor knowledge of the systematics of this group in other places we cannot guarantee that any of the species studied are endemic to the Mexico. Peterson et al. (2000) noted, the Mexican system of natural protected areas is an old one and was developed with different motives including scenic beauty, recreational use, and historical importance, among others. Only 46 species of fungi are included in some risk category in the Mexican official publication 'Norma Oficial Mexicana NOM-059' (SEMARNAT 2010) and all of them listed as 'not endemic'. Thus, many species of Phaeoclavulina are good candidates to be included in this official list and at least 10 species included in this paper can be proposed for special protection in NOM-059.
In summary, the regions in which the highest species richness of Phaeoclavulina species were identified during this study. With PCA the segregation of habitats could be correlated with the morphological differentiation of basidiospores and led to the separation of species from temperate and tropical environments. It was also possible to characterize ecological subgroups into two categories: a) temperate species where altitude plays a central role in habitat segregation, and b) tropical species where temperature is an important environmental variable. These arguments are supported by jackknife tests. The generation of models utilizing habitat segregation of species with PCA gives more accuracy and spatial concordance to them.
This study also provides an approximation of the distribution of species of Phaeoclavulina in Mexico. Since this genus is not well represented in Mexican and international herbaria, many more studies and collections are needed to confirm or refute our results.
